The role of local pulmonary delayed hypersensitivity in accelerated pulmonary granuloma formation was investigated using cortisone acetate, an immunosuppressive drug that appears to preferentially eliminate committed lymphocytes at appropriate doses. Data are presented showing that cortisone acetate suppressed local pulmonary delayed hypersensitivity at the time of and subsequent to challenge with BCG. Furthermore, cortisone damage appeared to involve primarily committed lymphocyte populations since the defect was repairable with sensitized spleen cells, an unlikely source of macrophage precursors.
An accelerated pulmonary granulomatous response (AGR) can be elicited in the lungs of BCG-sensitized rabbits by an intravenous (i.v.) challenge with BCG suspended in saline (8, 17, 18) . Initial studies in this laboratory revealed that there is no correlation between dermal delayed hypersensitivity (DH) and the capacity of an animal to undergo an AGR, because sensitized rabbits desensitized with intraperitoneal doses of old tuberculin, until they were skin-test negative, were still capable of developing an AGR when challenged i.v. with BCG in saline (8) . This study also suggested that the AGR was independent of a DH mechanism. Later studies revealed that cells recovered from the lungs of sensitized (rabbits displaying a chronic pulmonary granulomatous response [CGR] ) and sensitized-challenged (the AGR) rabbits exhibited DH when evaluated by the migration inhibition test (4, 5) . Furthermore, i.v. sensitization and challenge resulted in the induction of local pulmonary DH in the absence of detectable dermal DH, indicating that dermal DH is not necessary for the development of the AGR.
Since it is conceivable that the AGR is dependent upon local DH existing in the lung and perhaps other sites such as the spleen and bone marrow, we investigated the effect of cortisone acetate on pulmonary DH and ac- Induction, elicitation, and quantification of pulmonary granulomas and pulmonary delayed hypersensitivity. Rabbits were sensitized by the injection (marginal ear vein) of 100 ug of killed BCG suspended in 0.1 ml of light mineral oil (Marcol 52). Such animals develop chronic pulmonary granulomas in 2 to 3 weeks and local pulmonary DH can be demonstrated by the migration inhibition test (5) . The AGR was elicited by challenging sensitized rabbits i.v. with 5.0 mg of BCG in 1.0 ml of 0.15 M NaCl. It was assessed 4 days later. These procedures have been described previously (17, 18) .
Pulmonary DH was evaluated by the direct migration inhibition test (5) . Lung cells were removed by means of a lavage technique with Hanks balanced salt solution (19) . The cells were washed once and packed cells were suspended in 10 Pulmonary granulomas were quantified, as previously described (17, 18 100 units of penicillin G per ml, 100 gg of streptomycin sulfate per ml, and sufficient 8.0% NaHCO, to attain a pH of 7.0. The free cells were passed through a 200-mesh wire screen prior to injection into recipients. The recipients were injected i.v. with 500 units of heparin, approximately 30 min prior to the injection of sensitized spleen cells, in an attempt to prevent the infused cell population from clumping. For injection into recipients, spleen cells were suspended in 15.0 ml of the minimal essential medium just described and administered slowly i.v. Each recipient received one donor equivalent of spleen cells. No signs of toxicity were detected during the 4-day interval that sensitized spleen cells remained in the recipients.
RESULTS
Granuloma indices and delayed hypersensitivity. Typical values for BCG-induced pulmonary granuloma formation in rabbits are shown in Fig. 1 . By definition, the baseline granuloma index of normal rabbits is 1.0 (17, 18) . The granuloma index of rabbits sensitized i.v. 3 weeks previously with 100 ug of killed BCG in oil is approximately 2.2, and those sensitized and challenged is about 4.4. These differences are also reflected in the cell yields from the lungs of these animals. The morphological features of lungs of rabbits with chronic and accelerated pulmonary granulomas have been described in previous publications from this laboratory (11, 20) . It has been established that the granuloma index is a function of an increase in cellularity in the organ. Accordingly, an increase in the granuloma index from 1.0 (normal lung) to 2.0 indicates that the organ has approximately doubled in weight.
Typical values for pulmonary delayed hypersensitivity are depicted in Fig. 1 . As expected, pulmonary cells from sensitized rabbits (the CGR) exhibited typical migratory inhibition patterns. However, cells from the lungs of sensitized-challenged rabbits (the AGR) exhibited migration inhibition in the absence of PPD; the addition of PPD did not produce additional migration inhibition. The inhibition of cells from lungs undergoing a granulomatous response in the absence of antigen has been termed the autoinhibition phenomenon (4, 5) . Since these animals had received a relatively large challenge dose of BCG just 4 days prior to the evaluation of DH, it was conceivable that components of BCG equivalent to 10 Mg of PPD per ml persisted for this short period of time and were recovered along with the cells.
If this assumption is correct, the autoinhibition phenomenon in sensitized-challenged animals should disappear at some future interval when most of the BCG in the lung had been catabolized. Figure 2 shows the kinetics of DH Figure 3 shows that 200 mg (approximately 100 mg of body weight per kg) of cortisone acetate will markedly suppress pulmonary DH in sensitized (CGR) rabbits. Furthermore, 200 mg of the drug prior to challenge and 100 mg after challenge significantly inhibited DH in sensitized-challenged (AGR) rabbits. It is also obvious that these doses of cortisone did not detectably alter the migrating capacity of macrophages. Thus, cortisone acetate altered the functional capacity of or eliminated committed lymphocytes, but not the migrating capacity of macrophages. Figure 3 also illustrates the marked, significant suppression of the accelerated pulmonary granulomatous response by cortisone, possible because pulmonary DH was suppressed at and subsequent to the time of challenge with BCG. However, it is also possible that cortisone acetate interfered with replicating macrophage precursors disrupting the traffic flow of mature macrophages into the lung.
Repair of cortisone damage with spleen celis from sensitized rabbits. Since the accelerated granulomatous response could have been suppressed because of cortisone elimination of committed lymphocytes or damage to macrophage precursors, we attempted to repair cortisone damage with sensitized spleen cells, an unlikely source of macrophage precursors and presumably a source of committed lymphocytes following i.v. sensitization (21, 22) . Figure 4 demonstrates that it is possible to repair cortisone damage with sensitized spleen cells. In this case, the animals were not treated with cortisone acetate following challenge with BCG to avoid damage to the new infused population of sensitized spleen cells. However, appropriate controls (Fig. 4) demonstrated that 200 mg of cortisone acetate added prior to challenge with BCG significantly inhibited the development of the accelerated response. Figure 4 also shows that sensitized spleen cells restored the capacity of cortisone-treated animals to display DH in vitro 4 days after challenge with BCG. These data suggest that local pulmonary DH is an essential component for the development of an accelerated pulmonary granulomatous response in rabbits.
DISCUSSION
The autoninhibition phenomenon was first described by Galindo and Myrvik (4, 5) who proposed that it was due to residual antigen. This observation has been confirmed, and addi- The effect of cortisone acetate on BCG-induced pulmonary delayed hypersensitivity and granuloma formation in rabbits. Animals were sensitized with 100 ,gg of killed BCG followed by inoculation of 100 mg of cortisone acetate 18 and 20 days later. Some animals were evaluated for pulmonary DH and the chronic granulomatous response on day 21 (X) and others were challenged with 5 mg of BCG. The challenged group was given 100 mg of cortisone acetate 2 days later; pulmonary DH and the accelerated granulomatous response were evaluated 4 days after challenge with BCG (U). Control rabbits were sensitized (0) and challenged (O) with BCG but re-ceived no cortisone acetate. For description of granuloma index, see Fig. 1 . 4 . Repair of cortisone damage with spleen cells from sensitized rabbits. Animals were sensitized with 100 j,g of killed BCG and divided into three groups: (3) One group was given 100 mg of cortisone acetate 18 and 20 days after sensitization followed by challenge with 5 (21) . Furthermore, committed lymphocytes appeared to be selectively eliminated from the red pulp of the spleen of Listeria-infected mice because cortisone acetate substantially reduced the capacity of spleen cells from infected mice to transfer anti-Listeria immunity to normal recipients (22) . In addition, cellular proliferation in the red pulp of the spleen was directly correlated with the intensity of delayed hypersensitivity (22) , the immunological response largely responsible for anti-Listeria immunity (14) . Because cortisone damage was repairable with sensitized spleen cells, it appeared that the macrophage component of anti-Listeria immunity remained intact following cortisone treatment (21, 22) . The evidence is convincing that cortisone, at appropriate doses, preferentially eliminates committed lymphocytes in mice.
The present studies have demonstrated that cortisone acetate can markedly suppress pulmonary DH and accelerated granuloma formation in rabbits. The data indicate that cells removed from the lungs of cortisone-treated rabbits are not inhibited from migration in the presence of antigen; therefore, the migrating capacity of macrophages does not appear to be impaired. The drug lesion seems to be in the committed lymphocyte population, perhaps by the elimination of these cells from the lung. This is even more likely since cortisone damage was repairable with sensitized spleen cells, e.g., spleen cells from BCG-sensitized rabbits restored the capacity of cortisone-treated rabbits to develop an accelerated pulmonary response and to display delayed hypersensitivity. Since the lesion seems to be in the committed lymphocyte population, the accelerated granulomatous response is probably dependent upon a cell-mediated hypersensitivity reaction.
The immunological reaction in the lung probably generates lymphokines, among them a chemotactic factor and migration inhibition factor which are responsible for the accumulation and localization of blood-borne macrophages whose initial source is bone marrow (12, 13) . The reason that the accelerated pulmonary granulomatous response in rabbits is dependent upon local pulmonary DH, but independent of dermal DH, is more understandable in view of the present knowledge about delayed hypersensitivity reactions. These reactions can be restricted to certain anatomical locations (4, 5, 6, 15, 23, 25) . It seems certain that the i.v. route of sensitization is largely responsible for the compartmentalization of DH observed in these studies. Sensitization results in the induction of an intense pulmonary granulomatous response, in- dicating that antigen has been deposited in the lung. It is probable that this chronic inflammatory response is responsible for the sequestration of a considerable proportion of committed lymphocytes that are generated. These cells appear to have a predilection for inflammatory foci and do not appear to recirculate extensively from blood to lymph compartments (1, 9, 10, 16).
Katz et al. (7) have reported that graft-versus-host reactions in guinea pigs nonspecifically induced an expanded population of carrierspecific cells in a hapten-carrier system, so it is possible that a graft-versus-host response in the experiments reported here could have expanded the population of residual host-committed lymphocytes which were not eliminated by cortisone treatment. A more likely explanation would be that a host-versus-graft reaction destroyed a portion of the infused committed lymphocyte population. However, delayed hypersensitivity in lung cells from cortisonetreated, allogeneic spleen cell-repaired rabbits was detectable 4 days subsequent to adoptive transfer, indicating that sufficient committed lymphocytes were functional to inhibit the migration of macrophages (Fig. 4) .
Pulmonary granulomas induced by the eggs of Schistosoma mansoni in mice also seem to be dependent upon a delayed hypersensitivity mechanism (2, 3, 24) . The present study suggests that BCG-induced pulmonary granulomas are another manifestation of delayed hypersensitivity; therefore, they differ from dermal DH primarily in nomenclature but both seem to represent chronic immunological inflammation.
